Purpose: To assess the influence of donor, environment and storage factors on the contamination rate of organ-cultured corneas, to consider the microbiological species causing corneal contamination and to investigate the corresponding sensitivities. Methods: Data from 1340 consecutive donor corneas were analysed retrospectively. Logistic regression analysis was used to assess the influence of different factors on the contamination rate of organ-cultured corneas for transplantation. Results: The mean annual contamination rate was 1.8 AE 0.4% (range: 1.3-2.1%); 50% contaminations were of fungal origin with exclusively Candida species, and 50% contaminations were of bacterial origin with Staphylococcus species being predominant. The cause of donor death including infection and multiple organ dysfunction syndrome increased the risk of bacterial or fungal contamination during organ culture (p = 0.007 and p = 0.014, respectively). Differentiating between septic and aseptic donors showed an increased risk of contamination for septic donors (p = 0.0020). Mean monthly temperature including warmer months increased the risk of contamination significantly (p = 0.0031). Sex, donor age, death to enucleation, death to corneoscleral disc excision and storage time did not increase the risk of contamination significantly. Conclusion: The genesis of microbial contamination in organ-cultured donor corneas seems to be multifactorial. The main source of fungal or bacterial contamination could be resident species from the skin flora. The rate of microbial contamination in organ-cultured donor corneas seems to be dependent on the cause of donor death and mean monthly temperature.
Introduction
Organ culture (OC) is the most commonly used corneal storage method in Europe since the early 70s (Summerlin et al. 1973; Doughman et al. 1976; European Eye Bank Association 2006 . Also, a different method for storage of excised human corneoscleral buttons is frequently applied: hypothermic storage (McCarey & Kaufman 1974; Pels 1997) . There are several advantages of OC compared to storage at 4°C. Organ culture allows storage times of more than 4 weeks compared to storage time of up to 14 days for the hypothermic method according to the manufacturer (Pels 1997; Thuret et al. 2005) . Longer storage time improves the availability of tissue for routine and emergency grafts and facilitates the predictability of transplantations. Additionally, OCstored corneas offer a greater opportunity to detect bacterial or fungal contamination of the storage tissue and antibiotics are more effective. This opportunity can be helpful to protect recipients of corneal tissue from postoperative ocular infection, which may result in loss of the eye (Rehany et al. 2004) . Endophthalmitis is one of the most serious complications after keratoplasty. The risk of this complication is significantly increased when contaminating organisms are transferred by a corneal graft (Leveille et al. 1983; Antonios et al. 1991; Cameron et al. 1991; Kloess et al. 1993; Keyhani et al. 2005; Chen et al. 2015) . In the bibliography reviewed, contamination rates for OC corneas range between 0.53% and 15.7% (Erbezci et al. 1995; Hagenah et al. 1995; Armitage & Easty 1997; Pels 1997; Borderie & Laroche 1998; Spelsberg et al. 2002; Patel et al. 2005; Fontana et al. 2007; Hermel et al. 2010; Linke et al. 2013; Khouani et al. 2014) .
Different risk factors for graft contamination have been reported controversially. Factors such as death to enucleation and death to processing times (Wiffen et al. 1997; Borderie & Laroche 1998; Rehany et al. 2004; R€ ock et al. 2016) , whole globe enucleation versus in situ disc excision (Garweg et al. 1997; Jhanji et al. 2008; R€ ock et al. 2016 ) and donor's sepsis (Robert et al. 2002; Spelsberg et al. 2002; Builles et al. 2006; R€ ock et al. 2016 ) affect the contamination rate more or less depending on the study.
Our results of 2016 showed that contamination is the third leading cause of discarding corneas after medical contraindication and poor endothelial quality (R€ ock et al. 2016) . The investigation inspired us to examine the influence of risk factors like sex, donor age, mean monthly temperature, cause of death, death to enucleation time, enucleation to processing time and storage time on contamination of organ-cultured corneas, to consider the microbiological species causing corneal contamination and to investigate the corresponding sensitivities.
To the best of our knowledge, evaluation of these factors in a German cornea bank during a study period without changing standards and simultaneously consideration of the microbiological species as well as investigation of the corresponding sensitivities had never been undertaken before.
The purpose of this study was to investigate the donor, environment and storage factors taking influence on the contamination rate of organ-cultured corneas, consideration of the microbiological species as well as investigation of the sensitivities.
Materials and Methods

Eye donors
In the period from 1 January 2009 to 1 January 2015, 1340 consecutive corneas had been stored at T€ ubingen Cornea Bank (T€ ubingen, Germany) . No donor age limits were set and enucleation times up to 72 hr postmortem were accepted. This study was approved by the institutional review board of the University of T€ ubingen and adhered to the tenets of the Declaration of Helsinki.
A detailed medical history of every donor was obtained by interview with the family, the last attending doctor, interview with the donor's family doctor and review of any hospital medical records. The consent and medical history had been recorded. Serology of the donor was analysed from a blood sample up to 24 hr post-mortem. Blood samples had been drawn to mandatory tests of infectious diseases, including human immunodeficiency virus, hepatitis B and C virus and syphilis.
Enucleation, preparation and corneal storage
The periocular region (lids, brow and cheek) as well as the ocular surface (cornea, conjunctiva and palpebral fornices) had been cleaned using a 0.75% povidone-iodine solution [1 ml of 7.5% Braunol (B. Braun Melsungen AG, Melsungen, Germany) diluted with 10 ml sterile NaCl 0.9% (B. Braun Melsungen, AG)] for at least 3 min before enucleation. The face and the head of the donor were covered with surgical sterile drapes leaving the region of the eyes open. The medical doctor performing the procedure was wearing sterile gown, sterile gloves as well as a surgical cap and mask. After a limbalbased conjunctival incision, 360-degree peritomy was performed. After blunt dissection of the muscles from the conjunctiva and tenon, the muscles were transected using a muscle hook and scissors. The optic nerve was cut with a curved blunt scissors to allow complete enucleation. The two globes were stored separately in sterile urine cups (Sarstedt, N€ umbrecht, Germany).
We inserted the eye to the gauze in the bottom of the sterile cup filled in 10 ml physiological NaCl 0.9% (B. Braun Melsungen) and 5 ml gentamicin eye drops (Merck Pharma GmbH, Darmstadt, Germany) and transported on a cool pack in a cool box (temperature between +1 to +10°C) to our cornea bank. Here, the donor globes were stored in a refrigerator at 4°C until preparation of corneoscleral discs in a class II biologic safety cabinet.
Before preparation of the corneoscleral discs, the donor globes were removed of all excess conjunctiva and immerged separately in 0.375% povidone-iodine solution [2.5 ml of 7.5% Braunol diluted with 50 ml sterile NaCl 0.9% (B. Braun Melsungen AG, Melsungen, Germany)] for 5 min, followed by rinsing with 50 ml sterile NaCl 0.9% (B. Braun Melsungen AG, Melsungen, Germany). Then, a trephine with 15 mm was used to cut the sclera around the cornea. The cut was completed using a scissors. The corneoscleral disc was carefully separated from the iris, and the uveal tissue using a scissors and a tweezers. After that, the corneoscleral disc was placed on a corneal holder (Bausch & Lomb, Heidelberg, Germany) and put into tissue culture flasks (Corning Incorporated, New York, NY, USA) filled with culture medium I (Culture Medium I; Biochrom AG, Berlin, Germany) with 2.5% fetal calf serum (Merck Millipore, Darmstadt, Germany).
Culture Medium I is supplemented with 60 lg/ml penicillin-G-natrium, 130 lg/ml streptomycin sulphate and 2.5 lg/ml amphotericin B.
The corneoscleral discs were stored in an incubator at 37°C, 5% CO 2 and 95% humidity. Sterile instruments were used throughout the whole process including enucleation, corneoscleral disc excision and endothelial examination. Processing of the whole globe in a class II biologic safety cabinet was performed by one experienced technician.
Determination of contamination
All culture media were routinely tested for contamination. Therefore, the medium was changed after 3 days of incubation and was tested for bacterial and fungal contamination at the Institute of Medical Microbiology (University Hospital of T€ ubingen). Blood Agar plates (Oxoid GmbH, Wesel, Germany) and Brain Heart Infusion Agar plates (Medical Microbiology, University Hospital of T€ ubingen, Germany) were incubated at 37°C to test bacterial contamination. Yeast-gentamicin plates (Medical Microbiology, University Hospital of T€ ubingen, Germany) were used incubated at 30°C to detect fungal contamination. The Brain Heart Infusion Agar and the yeast-gentamicin plates were incubated for 7 days.
Contaminated corneas were removed from the eye bank. Two days before transplantation, culture medium was exchanged and tested again for contamination.
Evaluation
We collected relevant donor and storage data, for example donor age, sex, cause of death, death to enucleation, death to corneoscleral disc excision and storage time. The data of mean monthly temperature of Stuttgart-Echterdingen, close to T€ ubingen, were obtained from the homepage of the German meteorological service (Deutscher Wetterdienst 2015) .
Statistical analysis
Both corneas from the same donor were included and assumed to be independent. Statistical analysis of the data was conducted using the Statistical Packages for the Social Science (SPSS 18.0, Chicago, IL, USA). Univariate analyses and logistic regression were used as appropriate. Quantitative variables were expressed as mean AE standard deviation. Odds ratios (OR) are quoted with 95% confidence intervals (95% CI). p < 0.05 was considered to be statistically significant.
Results
This retrospective study included 1340 corneas from 670 donors. The male: female ratio was 61:39%. Mean donor age was 71 AE 14 years (range 16-93). Mean time between death and enucleation had been 12.4 AE 5.8 hr and between death and corneoscleral disc excision 19.1 AE 9.0 hr. The mean time in the group of contaminated corneas between death and enucleation had been 11.5 AE 7.1 hr and between death and corneoscleral disc excision 21.5 AE 11.7 hr. The mean storage time in OC was 13.8 AE 6.1 days. Sex (p = 0.5), donor age (p = 0.2), death to enucleation (p = 0.6), death to corneoscleral disc excision-(p = 0.5) and storage time (p = 0.3) had no statistically significant influence on the contamination rate.
Contaminating organisms
As shown in Fig. 1 , the mean annual contamination rate was 1.8 AE 0.4% (range: 1.3-2.1%); 50% contaminations were of fungal origin with exclusively Candida species. Fungal contaminations were dominated by Candida albicans (25.0%) followed by Candida glabrata (16.7%) and Candida tropicalis (8.3%); 50% contaminations were of bacterial origin with Staphylococcus species being predominant (Table 1) . Bacterial contaminations were dominated by Staphylococcus haemolyticus (25%) followed by Enterococcus faecium (16.7%) and Staphylococcus epidermidis (8.3%). Contamination of donor corneas was caused mainly by common environmental micro-organisms, most of them colonizing human skin or intestines. All microbial organisms and the corresponding sensitivities are shown in Tables 2  and 3 . Table 4 shows that all bacteria were resistant to a minimum of four antibiotics. Except for E. faecium, all were resistant to Penicillin G. Except for two fungi (C. albicans), all were sensitive to Amphotericin B (Table 3) .
Cause of donor death on the risk of contamination
The most common causes of death were cardiovascular diseases (33.0%), cancer (23.0%) and cerebrovascular diseases (17.9%; Table 4 ). The logistic regression model (Table 4) showed influence of the cause of donor death on the risk of contamination, which ranged from less than 0.8% to more than 8.3%. A cause of death recorded as multiple organ dysfunction syndrome (MODS) or infection (e.g. bacterial septicaemia or systemic bacterial infection not considered to be a contraindication to transplantation) increased the risk of contamination of corneas by more than 7-fold or 10-fold compared with cerebrovascular causes (p = 0.014 and p = 0.007, respectively). Cardiovascular disease (p = 0.9), respiratory disease (p = 0.4), cancer (p = 0.6), trauma (p = 0.5) and other causes of death (p = 0.5) did not increase the risk of contamination significantly. Differentiating between septic and aseptic donors showed an increased risk of contamination for septic donors (OR = 5.8, 95% CI = 1.9-17.6, p = 0.0020). Aseptic donors included: cerebrovascular diseases, cardiovascular diseases, cancer, respiratory, trauma MODS and other. 
Contamination rates and seasonal temperature
To explore whether seasonal temperature changes corresponded to the contamination rates, we calculated the mean monthly contamination rate and the mean monthly temperature of all years. Mean monthly temperature including warmer months (May, June, July, August and September) increased the risk of contamination significantly (OR = 68.2, 95% CI = 4.1-1124.4, p = 0.003; Fig. 2 ).
Discussion
Our results showed the influence of cause of death, septic and aseptic donors and mean monthly temperature on the contamination rate of grafts for transplantation in 1340 consecutive cases of T€ ubingen Cornea Bank. On the one hand, the eye bank has to assess the sterility of the product. On the other hand, ophthalmologist should also attempt to detect bacterial or fungal contamination of the storage media or tissues. These points can be helpful to protect recipients of corneal tissue from postoperative ocular infection, which may result in loss of the eye (Rehany et al. 2004) . Endophthalmitis is one of the most serious complications after keratoplasty. The risk of this complication is significantly increased when contaminating organisms are transferred by a corneal graft (Leveille et al. 1983; Antonios et al. 1991; Cameron et al. 1991; Kloess et al. 1993; Keyhani et al. 2005; Chen et al. 2015) . This underlines the importance of understanding the influence and knowledge of factors affecting the contamination rate of corneas for transplantation.
The mean annual contamination rate in our study was 1.8 AE 0.4% (range: 1.3-2.1%), which is comparatively low in comparison with other studies: 0.53-15.7% (Erbezci et al. 1995; Hagenah et al. 1995; Armitage & Easty 1997; Pels 1997; Borderie & Laroche 1998; Spelsberg et al. 2002; Patel et al. 2005; Fontana et al. 2007; Hermel et al. 2010; Linke et al. 2013; Khouani et al. 2014 ). The main reasons therefor could be the different handling with the donors, grafts and procedures, for example the studies vary in decontamination protocols and decontamination procedures. In Table 2 . Sensitivities of bacterial organisms. Sensitivities show that all bacteria were resistant to a minimum of four antibiotics. Except for two bacteria (E. faecium), all were resistant to Penicillin G. our study, the periocular region as well as the ocular surface had been cleaned using a 0.75% povidone-iodine solution for at least 3 min. The medical doctor, performing the whole globe enucleation, was wearing sterile gown, sterile gloves as well as a surgical cap and mask. Before preparation of the corneoscleral discs in a class II biologic safety cabinet, the donor globes were additionally immerged separately in 0.375% povidone-iodine solution for 5 min. Fuest et al. (2016) reported a high colonization rate of the donors' conjunctiva with a wide range of bacteria and fungi. In our opinion, an extensive decontamination is very important. The stable methods of decontamination procedures in our study could explain the comparatively low mean annual contamination rate in comparison with other studies. Another possible reason of the low mean annual contamination rate in our study could be related with the non-use of chelating agents for antibiotics before incubation or with the change of the medium after 3 days. Both issues could lead to false-negatives results.
The sensitivities of our study showed that all bacteria were resistant to a minimum of four antibiotics. Except for E. faecium, all were resistant to Penicillin G. In accordance with other studies, we found that the contaminating bacteria were largely resistant to several antimicrobial drugs (Borderie & Laroche 1998) . No tests for streptomycin sensitivity were performed in our study. We assume that the bacterial contaminations seen in our evaluation were resistant to the antibiotics contained in the culture medium; 50% of the contaminations in our study were of fungal origin. Depending on the study, contaminations with fungal origin range between 0% and 61.9% (Armitage & Easty 1997; Borderie & Laroche 1998; Rehany et al. 2004; Zanetti et al. 2005; Hermel et al. 2010; Linke et al. 2013; Khouani et al. 2014) . Except for two fungi (C. albicans) in our evaluation, all were sensitive to Amphotericin B. Both the mostly fungistatic effect of amphotericin B in culture medium as the fast decay may have caused only a temporary growth inhibition (Cheung et al. 1975) . A solution to this problem could be adding an alternative antifungal agent with slower decay in the culture medium.
Our results are in accordance with those of Armitage et al. who reported an increased risk of contamination for corneas obtained from donors who had died from systemic infection (Armitage & Easty 1997; Armitage et al. 2014) . Donors who died suddenly (i.e. cerebrovascular causes or cardiovascular disease) and with shorter morbidity time may account for lower contamination rate. Our results lend support to this contention. Cause of donor death including infection and MODS significantly increased the risk of bacterial or fungal contamination during OC. 
Except for two fungi (C. albicans), all were sensitive to Amphotericin B. The most common causes of death were cardiovascular diseases (33.0%), cancer (23.0%) and cerebrovascular diseases (17.9%). The logistic regression model shows influence of the cause of donor death on the risk of contamination, which ranges from less than 0.8% to more than 8.3%. A cause of death recorded as MODS or infection increased the risk of contamination of corneas by more than sevenfold or 10-fold compared with cerebrovascular causes (p = 0.014 and p = 0.007, respectively). Cardiovascular disease (p = 0.9), respiratory disease (p = 0.4), cancer (p = 0.6), trauma (p = 0.5) and other causes of death (p = 0.5) did not increase the risk of contamination significantly. No other donor factors such as donor age (p = 0.2), death to enucleation (p = 0.6), death to corneoscleral disc excision (p = 0.5) and storage time (p = 0.3) affected the risk of contamination.
However, Robert et al. (2002) and Spelsberg et al. (2002) could not confirm these findings. They did not find a greater risk of contamination for septic donors than for aseptic ones. In contrast to that differentiating between septic and aseptic donors, we found in our study an increased risk of contamination for septic donors (OR = 5.8, 95% CI = 1.9-17.6, p = 0.0020). Robert et al. (2002) presented a group of just 93 donors in his study. A critical point could be the heterogeneity of the study population.
Almost all of our grafts coming from cadaver donors of the University Hospital in T€ ubingen and the teaching hospitals with exception of few brain dead organ donors.
Other cornea banks actually originate their corneas from hospitals far away or from cadavers who died outside hospitals, which means that the donors died under uncontrolled conditions. Therefore, they had a vast heterogeneity of the study population without stable methods of procedures. Sometimes they changed the methods during the study period, for example in situ corneoscleral disc excision versus whole globe enucleation. These facts could have an influence on the contamination rate. Linke et al. (2013) showed that corneas explanted within 24 hr postmortem have lower contamination rate compared with corneas explanted later. In our study, mean time between death and enucleation had been 12.4 AE 5.8 hr and between death and corneoscleral disc excision 19.1 AE 9.0 hr. The mean time in the group of contaminated corneas between death and enucleation had been 11.5 AE 7.1 hr and between death and corneoscleral disc excision 21.5 AE 11.7 hr and was nearly similar to the group of sterile corneas.
In our study, the mean monthly temperature including warmer months increased the risk of contamination significantly. However, Linke et al. (2013) could not confirm these findings. They did not find any seasonal effect for the contamination rate. August, one of the hottest months, revealed the lowest mean contamination rate. They explained it in a selection bias. Cadavers who died under uncontrolled conditions (outside hospitals) might be more frequently excluded instead of cadavers who died in hospitals. Thus, the last group may be over-represented.
Nevertheless, some points should be considered before drawing hasty conclusions.
The main limitation of our evaluation is the pilot nature of the observations. Studies in the future will require a larger sample size, which would increase the power of the analysis and the validity of its findings. Other limiting factor of this study is the limited comparability of these data with other publications on the contamination rate of organ-cultured corneas. In our opinion, the contamination rate may be influenced by the methods for graft procurement (e.g. cadavers who died outside or inside hospitals) and the method that is used for sterility testing. Most publications on the contamination rate of organ-cultured corneas do not declare the methods that were used for sterility testing.
In conclusion, the genesis of microbial contamination in organ-cultured donor corneas seems to be multifactorial. The main source of fungal or bacterial contamination could be resident species from the skin flora. The rate of microbial contamination in organ-cultured donor corneas seems to be dependent on the cause of donor death and mean monthly temperature. Further studies with larger sample sizes are needed to confirm these findings.
